¾ Electron impact excitation (EIE) and dielectronic recombination (DR) are the basic atomic processes in tungsten plasmas under nuclear fusion conditions. ¾ Detailed studies on the cross sections and rate coefficients of these processes are very necessary for modeling and diagnosing the fusion plasma.
¾ Under our IAEA Research Agreement (No:16266), a systematic calculation on the DR cross sections and rate coefficients of tungsten ions with outmost 4s and 4p subshells (from Kr-like to Ni-like tungsten ions, i.e. W 38+ to W 46+ ) has been planned.
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Calculations of energy and wavefunction (MCDF)
In the present calculations, the GRASP92/2K codes based on the multiconfiguration Dirac-Fock (MCDF) method has been used to produce energy levels and bound state wavefunctions.
where n c denotes the number of the CSFs and c r (α) the configuration mixing coefficients. 
¦
In the MCDF method, an atomic state wavefunction with parity P and total angular momentum J is approximated by linear combination of configuration state functions (CSFs) with the same symmetry F. A. Parpia, C. F. Fischer, and I. P. Grant, Comput. Phys. Commun. 94, 249 (1996) ; P Jönsson, X. He, C. F. Fischer, and I. P. Grant, Comput. Phys. Commun. 177, 597 (2007) .
Calculations of energy and wavefunction (MCDF)
The system wave-function is constructed as an anti-symmetric wavefunction of the total (N+1)-electron system consisting of the target ion plus a continuum electron, 
where is the target ion wavefunction generated by the GRASP92/2K, and the relativistic Dirac spin-orbit wavefunction of the continuum electron with specific kinetic energy that can be produced by using the relativistic program RATIP. ¾For Li-, B-like tungsten ions, the partial cross section for excitation to the M f =1/2 sublevel is larger than the M f =3/2, and -1/2, the cross section for the M f =-1/2 is the smallest.
¾For Be-, C-like tungsten ions, the partial cross section for excitation to the sublevel M f =0 is significantly larger than M f =1.
Such unequal population will affect the emission properties of these spectrum! The degrees of linear polarization decrease monotonically as incident electron energy increase.
The polarization of the strongest M-band lines from the EIE and DR processes for Cu-like to Ge-like tungsten ions
Transition energies and probabilities of nf AE 3d (n=4,5,6) emissions from W 46+ to W 42+
The numbers in brackets represent powers of 10. B: Babushkin Gauge, C: Coulomb Gauge.
The present results are in good agreement with NIST data, the maximal discrepancy is within 0.3%. 
Degree of linear polarization
Energy (threshold unit)
¾ The linear polarizations of the nf AE 3d lines increase sharply with the increasing electron energy before starting to decrease at higher energy region, and they reach the respective maximum at about 2.5 times the threshold energies.
¾ When the incident electron energies are greater than about 2 times of the threshold energies, the degree of linear polarization for 4f AE 3d lines decreases very slowly, however, the degree of linear polarization for 4f, 5f AE 3d lines decreases rapidly. The DR capture final states (doubly excited states) are the same as the excited states in the electron impact excitation process, respectively. 4f resonant energy is not given since the 4f capture process can't occur. Compared with the electron impact excitation cross sections, the capture cross sections are larger than those at all given incident electron energies for Cu-like to Ge-like tungsten ions. For , . Intermediate doubly excited configurations: (3s 2 3p 6 3d 10 ) -1 4s 2 4p 5 nln 'l'(n=4-5, l'=0-8) and 3l 18 (4s 2 4p 5 ) -1 nln 'l'(n=4-6, l'=0-12 'l'(n=4-5, l'=0-8) and 3l 18 (4s 2 4p 5 ) -1 nln 'l'(n=4-6, l'=0-12 The total DR rate coefficients are fitted to the following semiempirical formula (in cm 3 s -1 ):
Resonant energies for the DR processes of finally
Using the fit parameters listed in the table one can reproduce the presently calculated DR rate coefficients with discrepancies less than 1% at the electron temperatures above 5 eV. However, one should be careful to use at temperatures below 5 eV since DR rate coefficients are very sensitive to the resonant energies in that region. Li, et al., Plasma Sci. Technol. 16, 182 (2014) ...
The second part -ongoing work
Influence of initial-level Boltzmann distribution upon the DR rate coefficients
Comparison of the RDW and R-matrix calculations for the electron impact excitation
Influence of initial-level Boltzmann distribution upon the DR rate coefficients 
